Inc.) was dissolved in a 100 ml of chloroform.
The resultant solution was added dropwise, with stirring at room temperature, to a solution of 25g of acetyl chloride and 43g of anhydrous aluminum chloride in a solvent of 200ml of chloroform. Then, the mixture was heated and refluxed for 2 hours with stirring. The mixture was cooled and then filtered, and an insolubilized substance was dried. The dried substance was powdered, and then the powder was treated with a large amount of water, well washed with water, and then dried to give a polymer, which is a malefic acid-4-vinylacetophenone copolymer.
In the polymer, about 10 mol% of the styrene unit, i.e., 7.5 mol% based on the total copolymer, remained unreacted. 1 g of the copolymer, 2g of sodium 4-azidobenzaldehyde-2-sulfonate and 0.3g of sodium hydroxide were dissolved in a mixed solvent of 40 ml of ethyl alcohol and 40 ml of water. The mixture was left to stand at room temperature for a period of two days, then the reaction solution was acidified with acetic acid, and a precipitate was filtered, well washed with water. The azide copolymer was stored as an aqueous solution of alkali of pH 10. The degree of condensation, the amount of 4-vinyl-4-azidochalcone-2-sulfonic sodium salt monomer units that are included on the azide copolymer was determined from the light absorption in an aqueous solution utilizing 4-methyl-4-azidochalcone-2-sulfonic sodium salt(molecular absorbance; € = 2.3 x 104 l/mol cm at 340 nm) as the model compound. figure  2 that the azide copolymer well absorbs light having a wavelength, particularly, of 340nm or 365nm among the lights excited from an ultra-high pressure mercury lamp. The sensitivity on PAD-bisazide compound and PAD-azide copolymer was showed in figure 4 . The photoresist from an azide copolymer showed higher sensitivity than that from a bisazide compound. Figure 5 showed the exposure characteristics of PAD-azide copolymer photoresist, together with that of PADbisazide compound photoresist. In these photoresists, reciprocity-law failing characteristics were observed and the sensitivity decreased rapidly with decreasing light intensity.
The reason for exhibiting the reciprocity-law failing characteristic has been thought as follows.
The Table 2 Viscosity and nH of a ueous solutions of olvmeric azide sensitizers The azide copolymer sensitizer has a higher molecular weight than a bisazide compound, and the number of azide groups which the sensitizer had per molecule is also higher. For this reason, it is thought that the photoresist composing of an azide copolymer has high probability of crosslinking reaction of nitrene liberated by photodecomposition of the azide groups with other polymer molecules. Therefore, the photoresist shows higher sensitivity. As another reason for the higher sensitivity, the following was found, since the azide copolymer is an electronic polymer and since the other base polymer (PAD) to be mixed therewith is also electrolytic, these two polymer, when mixed, attract each other electrically and form a tangle of polymers. As a result, when the azide group as photosensitivegroup is optically decomposed, the crosslinking efficiency of each of the polymers to the other is increased.
That is because the distance between the azide group and the other polymer molecule, which is to undergo a crosslinkage reaction with the azide group, is shortened due to the tangle of polymers. Table 2 , 3, figure 6 and 7 show the experimental data to demonstrate the result with regard to the photoresist composing of an azide copolymer.
In table 3 and figure 6, It is found that the sensitivity change depending upon the sizes of the counter ions of the azide copolymer.
Furthermore, in figure 7 shows that the viscosity of the photoresist increase depending upon the sizes of counter ions of the azide copolymer.
In the experiment, tetraalkylammonium hydroxide salts, were used as a counter ion, and that of ammonia water was the smallest size, and that of tetrabutylammonium hydroxide salt was the largest size. Tetraalkylammonium hydroxide salt has the following structural formula.
wherein R represents H, CH3, C2H5, n-C3H7 or n-C4H9. Figure 6 shows that the use of the counter ion having the smallest size(use of ammonia water) exhibits the highest sensitivity. This result is caused by the fact that the distance between the azide group and the other polymer in the tangle of polymers is affected by the counter ion size. For this reason, it is seen that even if the molecular weight of the azide copolymer is small, and even if the proportion thereof in the mixture with the other polymer is small, the high sensitivity is well exhibited.
Conclusion
The polymeric azide sensitizer was prepared by the condensation reaction of poly(4-vinylacetophenone-maleic acid) with 4-azide benzalaldehyde-2-sulfonic sodium salt. The new water-soluble photoresist that consists of PAD and the polymeric azide sensitizer showed higher sensitivity than that of a current photoresist used 4,4' -diazidostilbene-2, 2' -disulfonate as a sensitizer. Furthermore, the photoresist exhibited the reciprocity-law-failing characteristic as a current photoresist.
It was found that the increase in sensitivity did not depend only on to have a higher molecular weight and larger number of azide groups in the sensitizer.
As another reason for the higher sensitivity is presumed to be due to the distance between the azide groups and other polymer molecule, which is to undergo a crosslinkage reaction with the azide group, is shortened due to the tangle of polymers that form by attracting each other, because both polymers are electrolytic polymers.
